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I)EFENCE RESEARCIH ESTABLISHMENT SUFFIELL
RALSTON ALBERTA

SUFFIELD MEMORANDUM NO. 1074

K. SSESSMENT OF THE PERSISTENCE OF VAPOUR EVOLVED

"K FROM NEAT CH CONTAMINATION ON PRAIRIE TERRAIN (U)

(Record of FPP 81-1)

by

Stanley B. Mellsen

INTRODUCTION

1. A requirement has been stated (1) by the Canadian Armed Forces for a training
agent wAhich will produce an inhalable, physiologically active vapour without persistence
on suHTaces. As the volatile liquid CH (a mixture of l-methoxvcycloheptatriene
(EA 4923), 2-methoxycycloheptatriene, and 3-m•.thoxycycloheptatriene (EA 4922))
shows promise of meeting these requirements, arrangements were made to conduct a
field experiment (2) to assess its persistence on prairie terrain. Sufficient CH for a single
trial was available.

2. Several trials are usually required to obtain sufficient data to accurately
characterize an agent. However, the results of one trial are frequently useful if field
conditions are good and the experimental apparatus performs well. Because this was the
case in the first trial with CH, the results are reported here to provide early information
on its field behavior.
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TIRIA 1, ()IIJ ICTI V ES

3- a. To contaminate explosively an area of prairie terrain, 24 m
crosswind x 16 m downwind, to a mean contamination density of

2 gin' with CH.

b. To detcrmine urop sizes and ground contamination densities from the
explosive dissemination.

c. To sample vapour return from the layout sequentially at heights from
0.3 m to 1.5 m above ground.

EXPIERI MENTAL DETAILS

4. a. Material

(1) A total of 1403 g of agent was used in the trial. As reported
bý CSL the material used contained 94.6% methoxy-

cycloheptatrienes, 1.9% BHA + BHT as stabilizers

(antioxidants) and 3.5% unidentified impurities. The
isomer proportions for the methoxycycloheptatrienes
fraction was found by nrnr to be:

82.3% EA 4923
2.0% n methoxycycloheptatriene

15.6% EA 4922

(2) Six 250 mL linear polyethylene bottles (Nalgen( were

charged before the trial. The weights of CH n each
separately were 231, 240, 227, 224, 232 and 249g

respectively. The screw cap of each bottle was modified to
provide a well for a length of primacord. One hundred
grains of primacord initiated by a No. 12 detonator was used
in each bottle.

b. Layout

The sampling layout covered a 24 m x 16 - rectangular area on the
DRES Vertical Grid Site (Figure 1), with ground sampling positions
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on a 2 m x 3 m grid and four vapour sampling positions on the
downwind edge. Gallows made of 1.5 cm diameter steel rod, with
arms at I in and 2 m above the ground to support the bottles, were
emplaced as indicated.

c. Ground Contamination Sampling

Sampling of drop sizes was carried out with 20 x 30 cm sheets of
3-way detector paper mounted on jump cards while contamination
densities were determined using pie plates, each containing 100 mL of
diethyl succinate, which was used as an involatile solvent. Each pie

plate, which was 8 inches in diameter, -was covered with a flat topped
ring with a 6 inch diameter circular hole in its center to collect the
droplets falling into the horizontal plane. The ring for each plate was

male so that a lip at the edge fitted loosely over the pie plate for easy
removal. This was done to facilitate replacement with a tight fitting
lid immediately after contamination to keep vapour from escaping.
The samplers were placed on the ground on the layout to form the
2 in x 3 m grid previously mentioned (Figure 1).

d. Vapour Sampling

Vapour samples were taken in bubblers charged with 2 mL diethyl

succinate and aspirated at I L min-'. Six sequential samples were
taken at 0.3, 0.5, 1.0, and 1.5 m in height. Also four field blanks and
four vapour slip tests were taken in the trial. Each vapour slip test
consisted of two bubblers connected in series, so that the amount of
material escaping from the first bubbler could be determined. A
Miran I-A infrared gas analyzer, equipped with a 20 m pathlenth
gas cell, was used to obtain vapour concentration in real time. The
sampling probe for the apalyzer was located at a height of I in.

e. Meteorology

Meteorological observations were made at a position crosswind from
the layout. Windspeeds at 0.5, 1.0, 1.5 and 2.0 in above ground, wind

direction at 2 m and ground temperatures were recorded for the
duration of the sampling.

RESTRICTED
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PROCEI)URE

5. a. Layout

The layout was oriented according to the expected 2 m wind direction

of 210 T. Four field blank samples were taken before Zero and the

infrared gas analyzer was started at Zero - 1 minute. The agent-
charged bottles were armed and suspended at 1 m above ground from
the gallows (Figure 2). At Zero the bottles were exploded electrically

(Figure 3) and vapour sampling commenced. The rings were removed

from the pie plates and replaced by tight fitting lids within two

Li minutes after Zero (Figure 4). Then the pie plate samplers were
gathered and placed in racks (Figure 5) and carried to a position

upwind of the layout (Figure 6). The detector paper samplers were

picked up after the vapour sampling was over, stacked in racks and

allowed to dry before drop size analysis was attempted. The four

vapour slip tests for bubblers were operated during the entire bubbler
vapour sampling period.

b. ZerG

1103 MDT: 26 April 1982

c. Vapour Samplin.g Schedules

Bubblers at 0.3, 0.5, 1.0 and 1.5 m

Position S 1, S2, S3

Z to Z + !/2 minute

Z1 '/2 toZ + I minute
Z 4 1 to Z A- 2 minutes

Z + 2 toZ + 6minutes

Z + 6 to Z + 20 minutes

Z + 20 to 7 + 40 minutes
Position S4

Z - 1 to Z + 40 or until vapour concentration becomes negligibly
small in comparison to the peak concentration.

RESTRICTED
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d. Analysis

The vapour samplers from the bubblers and the ground
contamination samples were analyzed by gas chromatography and
vapour dosages calculated. The total methoxycycloheptatriene
fraction was analyzed for, and the vapour dosages and percent
recovery are based on this analysis. Stain sizes on detector papers
were measured and counted by a Quantimet System 23 image analysis
system and analyzed mathematically for number-drop diameter
distribution.

RESULTS

6. a. Weather Conditions

The weather was sunny and dry and the wind direction and spee-d were
nearly constant during the entire period of the trial. Air and ground
temperatures, windspeeds at various heights, and wind direction at
2 m are given in detail in Appendix A.

b. Ground Contamination

"The agent arrived at the ground in the form of small discreet drops as
indicated by a typical sampling card (Figure 7). The detailed drop
sizing data for all trials is shown in Appendix B. These results are also
plotted along with a fitted curve (Figure 8). The methods used in
fitting the curve and obtaining the mass median diameter, which was
found to be 0.10 mm, are also described in App ,dix B. The detailed

contamination density data is shown in Appendix C.

b. Vapour Recovery

Sequential vapour dosages at 0.3, 0.5, 1.0 and 1.5 m measured over
the whole sampling period for each trial are given in Appendix D.
Also shown is the mean cumulative vapour recovery to 1.5 m height

obtained from the three bubbler sampling arrays. In the last sampling
interval the mean recovery in all the previous sampling intervals
indicating a very small residual dosage. The four field blanks showed
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no vapour recovery. The bubbler slip tests showed an average slip of
vapour through the first bubbler of 22.7076. Therefore, a correction
factor of 1.227 was applied to all bubbler vapour sample results

obtained from laboratory analysis. The correction factor was
obtained from the average of the values for four pairs of test bubblers.
It was calculated for each pair of test bubblers in the following way.
The total vapour, V, which passes through the first bubbler is
obtained from the ratio, -, of the recovery by the second bubbler to
the recovery, a, of tire first bubbler by a geometric progression of an
infinite cascade with common recovery ratio r. The sum of the

series is:

a
v = - (Eq. 1)

1 - r

Then the correction factor to be applied to the results of laboratory
analysis of each sample is simply given by the following equation:

V 1__
(Eq. 2)

a 1l-r

The correction factor which was determined for each of the four slip
test pairs is shown in Appendix D following the vapour dosage results.

The vapour concentrations measured in real time by the infrared gas
analyzer are shown in Appendix E. Integration of the concentration
over the interval Z + ½2 mrin to Z + 2 rain by the trapezoidal rule
obtalns a dosage of 31.82 mg min m-3 . The average dosage over the

, same time interval measured by the bubblers S 1 and S2, between
which the IR analyzer was located, was 28.66 rng min m-3 . Thus the
results show good agreement.

d. Agent Recovery Comparison
4 (1) Using a point count method in which each sample

represented a 3 x 2 m area, the ground contamination was
L calculated in terms of weight per metre of crosswind width

from the mean contamination density over the 18 x 16 m

RESTRICTEDKl
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sampling area. T1he results are shown ( Table 1) alonig wit i
the source strength and vapour recovery. As canl he seen ( lic
ground recovery was only 31% Of' ofithe source -SIren~gt h. P art
of' the reason For this is that some of' fihe agent I ravcl led
directly From thc explosively dissciininat ed sourice to the
vapour samp~lers without reaching the go cwhichwa
dueI to the high volatility of' the agent.

(2) Vapour recovery, the inltegratedl f'lux o1 Uagent I 111roilgh a I III
crosswind width I, was calculated 1'ron1t the Va11o1ur dosage a ilIL
wind profile data. The reCSult1s arc given along11 wit It 111c
gr-otjid contamination in formataion (T able1).

T1AB3LE' I

(omrtpri.soi of Mecasured T'otali Vupoiii

Recovery to lotall Liquid D~ispersed

kI( OV'iRiV ON LAY 01 I

NO. ( gr Priinacord ) (q~ gmII '') gi Woi gil Wu

l`11 181 -1 l10) 48 15 11 '42. 88

The t ime profile ol vapour. recovery has been sit owil to be pi edicletal f
by means of' a mat heniat ical model ( Moitagliani antd N'1 c IIies ot), 11

4 ~~the rate of absorption into vegetation is ccqjial For Iwo aigeiit", (helle I lit,
Model show" that thle t i inc profileIs of' vapoiou reefwe i t u iftill liqi
grounld Conl ati allIat ]ion are slinu lal, alid (Ii ffrcniees inl vokltii ltv arct
reftlectedl in a tinme itorrual/itig paramieter T.
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Assumting that the material was not strongly absorbed by the
,,uhstrate, which is a fair assumption due to the high vapour recovery
( l'eble I) the actual recovery rate was compared to a theoretical curve
for 900/o recovery from the substrate, taking into account that some of
the agen traveled directly to the vapour samplers without reaching
the giround. With a recovery of 12.3 gm-' directly from the
dist,,mination, the data, adjusted to standard windspeed and
tetlipcralturc of 18 km hr-' at 2 m and 20'C respectively, agree with
the theoretical predictions reasonably well (Figure 9). The
comlli,,rison is also shown in normalized form (Figure 10), using a
saIlht,, of I of 0.08 minutes derived using Figure 9. The mean liquid
loatdhlig M of C'H oln the vegetation corresponding to this value of T
%It% I) gil ', which is what is normally expected based on previous
clglivietnce with oilier agents such as triethylphosphate. Also the
iv v\vv fromn the ground samplers, when based on the difference

eissecnit the amount disseminated and the amount which reached the
vapoum ,at1plrts without first contacting the ground, was 520o. This
huh'omt1 , Ih fle reamn of' recovery in trials with triethylphosphate
ihig it %itshulfau samtingl layout. However, the losses could possibly
fl, e it-ctti red for dtfferent reasons, since sponges were used instead
III ple Iph, ot for groundt conamination sampling in trials with
II e Its11 llfii'lplltit¢.

1 11%1 I I lllI%i

Slh , ,'loh.i, the twill ilIIll toll I (UII yielded drops on the ground with a mass
S..... *I|, ,h,, t i 111 1 I 1inii am[t so•ni valour which passes directly to the samplers.
",,I4. l. g1i ,4iii 111 IhOW 101111 1 t1O1 1 recovery iook place within 4 minutes after

"1' %% 11111,11t0 I1 M ,llt n NN"o •l liltf I attl disse, lilleted ('CI was recovered, This indicates that
411W I ltlwa ttol ( If thdlicillfltaled as ill this trial is so low that it can be treated

4,,,n,.•iis dt 1 Ii nt, allli vapour 'ource, front the point of view of downwind
hI il,,d I lil' 'tpl fi lo he1av lh; t liquid C'H from fhe glround was found to be similar

I,, thai l Ib it1ha 4t4V111%, %lth'lt lrt' nt1) sli tiongly absorbed by the vegetation.

I-SIl KI('TFl)

-- -- - -- -- - -- - --- ~---- --- " -- . . ..... ... . .. . -... ... . . .. ..- - -- _--
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APPENDIX A

METEOROLOGICAL OBSERVATIONS

Field Experiment FPP 81 Trial 1

Date April 26/82 Zero 1103 M.D.T.

TIME DIRECTION WIND PROFILE km hr-' TEMPERATURES OC

Z minutes Deg T 12 m 1 12 m 2 m Air Ground

+ 12 210 7.3 10.6 15.6 16.0 12.0 20.9
1 210 8.1 11.1 16.0 18.0 12.0 21.0

2 220 8.0 10.2 12.0 12.0 12.4 21.0

6 225 9.0 13.0 15.0 16.5 13.1 22.0

20 185 9.0 12.7 14.6 17.4 14.2 23.3

40 200 9.0 12.6 14.4 17.2 15.9 29.2

60 180 8.7 11.7 14.4 14.1 16.1 31.1

90 230 7.6 10.6 13.2 13.8 16.4 32.3

Wind speeds are means between the indicated times. All other data are spot readings.
The sun was bright and the surface of the ground was dry during the trial period.

UNCLASSIFIED
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APPENDIX B

DROP SIZE SAMPLING RESULTS

FPP 81 - TRIAL I

STAIN SIZE DROP SIZE
TOTAL NUMBER*

mm mm

0 - 0.15 -- -
0.15- 0.3 0.084 10202

0.3 - 0.4 0.112 2072
0.4 - 0.5 0.130 1356
0.5 - 0.6 0.149 786
0.6 - 0.7 0.167 418
0.7 - 0.8 0.186 191
0.8 - 0.9 0.204 93
0.9 - 1.0 0.222 64
1.0 - 1.1 0.241 22
1.1 - 1.2 0.259 16
1.2 - 1.3 0.278 7
1.3 - 1.4 0.296 6
1.4 - 1.5 0.314 3

> 1.5 > 0.333 0

* The total number on 48 20 x 20 cm cards. Two fields, each containing

5024.0 mm' were measured by the Quantimet analyzer on each card

The data from this trial were found to follow the relationship

N = Nexp - bD (Eq. BI)

where N, is the intercept at diameter d = 0, N is the cumulative number of drops and b

is a constant. The mass median diameter Do of the distribution is related to b by the
following equation:

bD, = 3.672 (Eq. B2)

Fitting the data to Equation B1I yielded the following results with a correlation
coefficient r2 = 0.9995:

N, = 287026

b = 35.263

Using Equation B2 the mass median diameter, Do was calculated to be 0.10 mm.

RESTRICTED

. - " ". • -.-



RESTRICTED SM 1074

APPENDIX C

CONTAMINATION DENSITY SAMPLES g m-2

FPP 81 - TRIAL 1

ROW/LINE 1 2 3 4 5 6

H 0.01 0 0.02 0.01 0 0.02

G 0.02 0.19 0.88 0.31 0.05 1.62

F 0.33 0.65 2.45 1.97 1.08 0.37

E 0.46 1 37 2.20 3.58 1.15 6.37

D 0.46 2.65 1.49 2.35 0.85 1.01

C 0.52 1.43 1.32 0.86 0.83 0.52

B 0.59 1.39 1.13 0.74 0.48 0.48

A 0.46 1.28 0.47 0.77 0.40 0.36

Mean Contamination Density 0.96 g m-2 .
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APPENDIX D

VAPOUR DOSAGE SAMPLES FROM BUBBLERS mg min M- 3

FPP 81 - TRIAL 1

HEIGHT SAMPLING INTERVAL (Minutes)
POSITION

M Z-Z+vi Z+l/i-Z+I Z+I-Z+2 Z-2-Z÷6 Z+6-Z+20 Z+20-Z+40

0.3 202.07 59.31 19.08 19.39 12.69 4.39

0.5 141.76 37.77 13.82 13.09 6.97 4.53
1.0 72.87 18.37 10.80 9.24 5.24 4.67
1.5 35.57 10.63 5.58 6.43 4.81 -

0.3 198.75 59.65 29.41 20.55 8.80 4.16
0.5 156.70 47.07 22.61 15.85 14.91 10.66
1.0 59.82 16.81 11.33 7.79 3.88 -

1.5 21.36 12.05 6.59 4.12 - -

0.3 214.77 36.28 16.14 13.83 8.50 3.28

S3 0.5 178.95 26.63 12.75 12.65 6.50 4.39
1.0 99.19 10.99 7.60 8.77 4.40 3.98
1.5 54.17 5.84 3.37 3.62 - 2.17

MEAN CUMULATIVE VAPOUR RECOVERY TO 1.5 m HEIGHT g m-1

Z-Z+ ½ Z+ V/2 -Z+ 1 Z+1-Z+2 Z+2-Z+6 Z+6-Z+20 Z+20-Z+40

25.58 33.14 36.38 39.32 41.03 42.06
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APPENDIX D (Cont'd)

BUBBLER SLIP TESTS

CORRECTION FACTOR
PAIR CT PAIR
NO. mg min m-3  RATIO

r-

247.616 0.187 1.230

46.357

2226.266 0.177 1.215
40.050

3250.817 0.168 1.202
42.095

4 241.906 0.205 1.259

49.707

Average CorrectionFactor 1.227
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APPENDIX E

INFRARED GAS ANALYZER RESULTS

TRIAL TIME CH CONCENTRATION
see mg m-'

Z-1 0
Z + 6 174.9

Z + 12 151.0

Z + 18 119.3
Z + 24 71.6
Z + 30 71.6

Z + 36 67.6
Z + 42 59.6
Z + 48 43.7

Z + 54 25.4

Z + 60 12.7
Z + 66 12.7
Z + 72 11.1
Z + 78 9.5
Z + 84 8.0

Z + 90 4.8
Z + 96 5.6

Z + 102 6.4

Z + 108 5.6
Z + 114 6.4

Z + 120 6.4

Z + 126 5.6
Z + 132 4.4

Z + 138 4.8
Z + 144 3.2
Z + 150 3.2

R
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UPWIND

K * * 24 m

H

F 0 0 6 S

E •
2m E

C 0 0 0 04

S1 S2 S3
A • o--O-x--O -0- 0----o

S4

1 2 3 4 5 6

Is Detector Paper and Pie Plate Samplers.

S0 S1, S2, and S3. Bubblers at 0.3, 0.5, 1.0 and 1.5 m.

X S4 Infrared Gas Analyzer at 1.0 m.

'> GZ of Bursting Bottles, Gallows Position.

Figure 1
LAYOUT DIAGRAM
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Figure 2

VIEW OF SAMPLING 'AYOUT SHOWING BOTTLES
BEING SUSPENDED AT 1 m HEIGHT
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Figure 3

VIEW OF SAMPLING LAYOUT IMMEDIATELY
AFTER EXPLOSIVE DISSEMINATION

1:
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Figure 4

SAMPLING LAYOUT SHOWING LIDS BEING PLACED ON
PIE PLATE GROUND CONTAMINATION SAMPLFRS



!II I R I 'I 1 ) ,)Nil 1074

IN,

.. ~...............



p ~I ImI I I I

Ill

*K

1%1 V 11- L N G 
NHC-

upW\IND) 141 /L)V I ()I~ j\1 ;t)ko I ING'



NI~t~ In)SM 1074

*141 o li % e l



.R S I RIlcl [.I)SM 10"4

100,000

0

10,000-

DATA POINTS o
z FITTED EXPONENTIAL-

N = 287026a e 13

5 mmd =0.10 mm

S1000

o
100-

4 0

4\ 0

loI I I II
005 0.10 0.15 0.20 0.25 0.30 0.35

DROP DIAMETER 0 mm

FIGURE S. DROP DIAMETER-NUMBER DISTRIBUTION FPP 1e-TRIAL 1
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44-

42

40°

36 0 OBSERVED FPP 80-1

-THEORETICAL CURVE

32-

o 28

"c 0
0

S24-

0
20

* 16 CH RECOVERY FROM LIQUID DROPLETS REACHING GROUND

12

8-

CH RECOVERY DIRECTLY FROM EXPLOSIVE DISSEMINATION

4

. I I I 1

0 5 10 15 20 25 30 35 40 45 50
TIME MINUTES

FIGURE 9. VAPOUR RECOVERY DATA ADJUSTED TO GROUND

TEMPERATURE 200 C AND 2 m WINDSPEED 18 km hr-'
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